With the huge quantum of energy that is often wasted from the diesel engine exhaust of a typical fishing vessel, this research was conducted. It focuses on the potential of harnessing the exhaust heat from the engine in vapour absorption refrigeration system (VARS) of the vessel. The VARS considered here employs ammonia as refrigerant with water as the absorbent which are environmentally-friendly. The system was considered integral to a diesel engine which provides the heat energy needed. The system was analyzed theoretically by calculating the performance using thermodynamics analysis developed and applied to the various components of the VARS. The results show that with 349.69 kW heat energy from the exhaust gas, 314.50 kW accounting for about 90 % was utilized to vapourize the ammonia from its solution. Also, with a generator temperature of 130 0 C the coefficient of performance (COP) was obtained as 29.67 % which is low when compared to the COPs of vapour compression refrigeration system (VCRS). However, the work shows that the twin benefits of environmental pollution reduction as well as waste energy utilization were achieved. 
Nomenclature VARS = Vapour absorption refrigeration system VCRS = Vapour compression refrigeration system COP = Coefficient of performance = Energy from exhaust gases (kJ). = Heat liberated in fish cooling (kJ). = Total heat liberated by fish (kJ). Oinput = Heat supplied by combustion of fuel (kJ), = Heat gain through walls, floor and ceiling (kJ).
(kJ). = Internal load (kJ). = Heat given off by the fish in freezing (kJ). = Heat of fish in cooling from freezing to storage space temperature (kJ). = Heat loss to the surrounding through radiation. = Heat removed through engine coolants (kJ).
(kJ) ̇ = Total surface area of Storage space (m 2 ). = Temperature difference of storage space ( 0 C).
= Concentration of the weak ammonia solution. = Concentration of strong ammonia solution.
INTRODUCTION
Refrigeration plays a vital part in the preservation of perishable cargoes and provisions for the crew onboard vessels. In merchant vessels, the temperature of victuals and cargoes such as food, chemicals, liquefied gas etc. are controlled by the refrigeration plant of the ship. The main purpose of ship refrigeration plant is to prevent loss of the cargoes or perishables so as to ensure their safe transportation in good and healthy condition [1] . Refrigeration is the science of producing and maintaining temperature of a particular space below that of the surrounding atmosphere [2] . This implies the expulsion of heat from a substance to be cooled. Heat transfer therefore, occurs progressively from a warm body to a cooler one until both bodies are at equal temperatures. A typical refrigeration cycle transfers thermal energy from a low temperature region to a region of higher temperature. The higher temperature region is called a sink and is usually the ambient air or cooling water [3] . The most common types of refrigeration systems are the vapour compression refrigeration system (VCRS) and the vapour absorption refrigeration system (VARS). Both VCRS and VARS have the evaporator, condenser and expansion or throttle valve as common components. However, besides these components, the VARS has the generator, absorber, pump and heat exchangers that replace the compressor in the VCRS. In the evaporator, the working fluid absorbs heat from the cold body. The heat absorbed is used as latent heat for converting the working fluid from liquid state to vapour state. During condensation, the working fluid rejects heat to external body (surrounding), thus creating a cooling effect in the working fluid. Rectifier otherwise known as drier plays an important role in the refrigeration systems [4] . Contained in the rectifier is a desiccant whose function is to completely remove or dry out moisture in refrigerants. It also helps in filtering out particles to prevent it from circulating through the system. The VARS makes use of heat energy generated from solar panel, steam or radiator heat and temperature of exhaust gas to vapourize the working fluid. It utilizes cooling fluid (refrigerant) which is absorbed on exiting the evaporator; the absorbent is usually a solid or liquid. To achieve a continuous process, the refrigerant needs to be separated from the absorbent and subsequently condensed for a simple absorption system. Lithium bromide (absorbent) and water (refrigerant); water (absorber) and ammonia (refrigerant) are the common pairs widely used in industry [5] as refrigerants-absorbent pairs for VARS [6] . VARS based on the ammonia water pair as refrigerants are more versatile than systems based on the lithiumbromide pair [7] . In ammonia water absorption system, ammonia vapour leaving the evaporator is readily absorbed in the low temperature hot solution in the absorber. This process is accompanied by the rejection of heat. The ammonia in water solution is pumped to the higher pressure and is heated in the generator. Heat in the form of either engine exhaust gas, solar heat or any other heat source [8] is directed to the generator containing solution of ammonia water solution, rich in ammonia. The heat causes high pressure ammonia vapour to desorb from the solution and passes to the condenser. The weak ammonia in water solution remaining is then returned to the absorber. Applications of VARS and refrigerants had evolved through the years. Ahmed [9] accordingly, opined that in 1859 an absorption system was used by a man named Ferdinand Carre with ammonia as refrigerant and water as absorbent. In 1890, Compression Refrigeration and Absorption Refrigeration became really popular [8] . Rajput [2] and Poku [6] highlighted that the type of energy supplied to the VCRS is a high grade mechanical energy which is made available by the compressor. Whereas, for VARS the energy supplied is a low grade energy which is mainly heat and therefore, environmental pollution is also mitigated since the heat is derived from exhaust gas. According to Attishey [10] ; Sohail and Tiwari [11] for the VARS, moving parts are only in the pump, which is a small element of the system. Hence, operation is smooth while in the case of the VCRS, moving parts are in the compressor therefore, more wear, tear and noise. Contemporary studies and applications of VARS also abound. Poku [6] studied the viability of VARS employing water-lithium Bromide (LiBr-H2O) as refrigerant-absorbent pair. Recovered waste heat from the exhaust gas of a diesel engine was used as the heat source. The study showed that with exhaust gas temperature of 85 0 C, Coefficient of Performance (COP) of 0.85 is feasible. The air conditioning system of an automobile with the application of waste heat from the engine was investigated by Maurya et al. [12] . In this system, as an alternative power from the engine shaft as the input power to drive the compressor of the refrigeration system, waste heat from the vehicle is employed to produce the refrigeration effect. The benefit is, the engine does not need to produce extra work to run the compressor of the refrigerating system, hence saving fuel consumption.
Poku et al. [13] employed the cooling effect of VARS to achieve higher performance of a simple gas turbine cycle. In their study, VARS was applied to cool the ambient air that goes into the gas turbine plant. The study showed that gas turbine efficiency could be made to increase from 24.56% to 25.34% with inlet air cooling using VARS. Thakre et al. [14] investigated the application of VARS for the air-conditioning system of a truck cabin using the waste heat from the truck exhaust. The study showed that with exhaust temperature of 150 0 C, COP of 0.367% is achievable. It also demonstrated that the power required to run the cooling system is far less. Also, since the refrigerant was of the water-ammonia pair, VARS is environmentally friendly compared to VCRS. Pathania and Mahto [15] explored the possibility of waste heat recovery and its subsequent utilization in air conditioning system of a vehicle without increasing the component cost, weight, number of component. Bajpai [16] designed a VARS using solar energy as the heat source and using water-ammonia pair as the working fluid. The work was able to achieve a COP of 0.69 with a temperature of 80 0 C from the solar heat besides the environmental benefits achievable with VARS. The research aim is to propound a method of heat recovery from the exhaust of the diesel engine of a fishing trawler. The objective of the work is therefore to employ the exhaust gas of an internal combustion engine to run a VARS. This involves developing a simple VARS model using exhaust gas from diesel engine on three fluid vapour absorption systems. And to thermodynamically evaluates the model to determine the performance parameters. The fluids are ammonia (NH3), hydrogen (H2) and water (H2O). The hydrogen gas aids the evaporation of the liquid ammonia while water absorbs the ammonia vapour. Thus, ammonia is considered in this research as the refrigerant and water as the absorbent.
MATERIALS AND METHODS
The VARS using the heat energy from the exhaust gas of a diesel engine was considered. The specifications of the engine used as case study for the research are shown in Table 1 . The heat energy from the diesel exhaust was calculated. Mathematical modeling was done for each component of the circle considered. Enthalpies and concentrations of ammonia were obtained at different points of the VARS using the saturated ammonia table and also the ammoniasolution enthalpy concentration chart. The capacity of the VARS was then obtained by adding up the total cooling loads obtained with 50% safety factor of the total estimated cooling loads. Finally, the performance of the refrigerating system was measured by varying the absorber, evaporator, condenser and generator temperatures.
Energy Balance of the Diesel Engine
The main engine of the internal combustion diesel engine loses about 55-60% of its energy to the atmosphere through exhaust, radiation, coolants in form of heat. This clearly indicates the amount of energy present in the fuel that is wasted. From the first law of thermodynamic:
Taking losses into account:
Heat Energy Available in Exhaust Gas
The amount of heat energy contained in the exhaust gas is dependent on both the temperature of the exhaust gas and its mass flow rate. The quantity of heat supplied by the exhaust gas to the generator was evaluated with the aid of equation (3) 2.3 Capacity of the Refrigeration System Capacity of the refrigerating system is the sum total of the heat that can be extracted from the storage space. It is also the product of the mass flow rate of refrigerant and the refrigerating effect of the evaporator. This can be expressed as:
)
The 50 % was used as factor of safety for the refrigeration system in consideration. Thus in obtaining the capacity of the plant, it is necessary to calculate the following cooling loads:
Product Load
The product considered for the refrigeration is fish product. When the fish is placed in the storage space at a particular temperature which is usually above the temperature of the storage space, the fish will give out heat to the space until its temperature equals the temperature of the storage space. For the fish product, cooling is done from an initial condition tin to its freezing temperature tf and the heat liberated is given by [18] : ( ) Also, the quantity of heat given off by the fish product while freezing is given by [18]:
Finally, the quantity of heat given off by the product in cooling from its freezing temperature to the temperature of the storage space is obtained by: ( )
Thus to obtain the total heat given off by the product, we have:
Transmission Load
The quantity of heat that penetrated the storage space from outside is the heat gained through the structure of the cold storage space. This forms a considerable part of the total cooling load. The heat gained involves leaks through walls, floor and the ceiling of the cold storage. The heat gain through walls, floor and ceiling is given by [2]:
The overall heat transfer coefficient which is the inverse of the summation of thermal resistance is expressed as:
∑ From equations (12) and (14), we have: ∑ Area, A of fish storage:
For this research, the walls, the floor, the ceiling are considered to be of the same material, thus the thermal resistance is the same for all the sides. The thermal resistance is therefore given as Applying the law of mass conservation, we have:
The mass flow rate of the refrigerant is given as:
The mass flow rate of the strong solution is given as
The mass flow rate of weak solution is expressed as 
Percentage Heat Energy Utilization
A measure of the heat energy utilized from exhaust gas is done by comparison between the total available heat energy in the exhaust gas and the quantity of heat energy supplied to the generator. And this is given as:
Percentage Energy utilized = 3. RESULTS AND DISCUSSION s ss 's s was successfully calculated as 349.69 kW. The heat energy that is supplied to the generator was also obtained as 314.50 kW as seen in Table 6 and this was about 90 % of the heat energy contained in the exhaust. This difference is due to minor losses in heat energy as it is transferred to the generator. The result showed that about 90% of the exhaust gas heat energy was utilized in the absorption VARS. Table 4 shows values of enthalpies, pressures, concentrations, mass flow rates and temperatures of different properties obtained at various points of the VARS in Figure 1 . It shows that at states 1, 2, 3 and 4, the working fluid is purely ammonia. States 5, 6 and 7 give ammonia in water solution, concentration of 0.3 while at states 8, 9 and 10 the solution becomes more of water having concentration of 0.24 with ammonia vapourizing from the solution.
Capacity of the Refrigeration System
The capacity of the VARS in consideration was obtained by adding up the total cooling load as shown in table 5 and also adding 50% of the total estimated load for safety purposes. The quantity of heat energy supplied and rejected from the system as obtained from the thermodynamic analysis at the various components of the VARS are as shown in Table 6 . The ratio of the total refrigeration load or evaporating effect (QE) as seen in tables 4 and 6 to the heat supplied to the generator gives COP of the VARS as 29.67 %. Figure 4 : Effect of exhaust gas temperature on Heat generation Figure 4 shows the variation of waste energy available against the exhaust gas temperature. It shows that waste heat energy available in the exhaust gas is directly proportional to exhaust gas temperature. The quantity of waste heat contained in the exhaust gas is a function of the temperature of the exhaust gas. Higher exhaust temperature influences the rate of heat transfer and also improves the theoretical efficiency of converting thermal energy from heat source to another form of energy such as mechanical or electrical [17] . It is worth noting that increase in generator temperature will give a corresponding increase in enthalpies at state point 8. The relationship between COP and generator temperature is illustrated in Figure  5 . It shows that the COP increases with increase in generator temperature. According to Chijioke [23] , refrigeration load inlet temperature causes an increase in COP, though the COP will experience a drop at some points owing to irreversibility. Figure 6 shows a plot of the decrease in circulation ratio against the varying generator temperature. It clearly shows that the circulation ratio decreases rapidly from 4 to 2.3 at first before it started decreasing continuously from 2.3 down to 1.3. This decrease in circulation ratio shows that there was efficient utilization of the generator temperature in converting ammonia into vapour.
Figure 6: Circulation Ratio versus Generator
The variation in condenser temperature with COP is illustrated in Figure 7 . It shows that as the condenser temperature increases, the coefficient of performance decreases. The relationship between the condenser temperature and COP could be seen in equation 30. The increasing condenser temperature steadily slows down the phase change of the vapour refrigerant to liquid.
Figure 7: COP versus Condenser Temperature Figure 8 gives a graphical illustration of the variation of the evaporator temperature with the COP. It can be seen that the coefficient of performance increases with increase in evaporator temperature. This demonstrates that the evaporator temperature affects the coefficient of performance of the refrigerating system. It therefore implies that effectively and efficiently using the exhaust gas would lead to better performance of the VARS,
Figure 8: COP versus Evaporator Temperature
The performance of the refrigerating system was also measured by varying the absorber temperature. As the absorber temperature increases the circulation ratio changes, therefore, the COP of the system drops. This to a large extent affects the capacity of the pump to effectively pump the required ammonia water solution to the generator due to traces of ammonia vapour formation at that state. Figure 9 shows that the COP of the absorption system varies inversely with the absorber temperature. 4. CONCLUSION Vapour absorption refrigeration system has been considered in this research work. And it was observed that the VARS can replace the vapour compression system for cooling in vessels, thus making it a feasible alternative to the conventional VCRS for fishing vessels. Also, in view of the safety concern of some refrigerants, vis-à-vis the environment, the VARS is eco-friendly as it involves the use of ammonia as a refrigerant which does not contribute to greenhouse effect and ozone layer depletion. Also from our results and discussions, it was observed that the heat load needed in the generator for cooling can be achieved with 349.69 kW heat energy from the exhaust gas. With this amount of energy in the exhaust gas, 314 kW is utilized in the generator representing about 90% of the available heat energy. This quantum of heat energy was used to achieve a refrigerating effect of 243.43 kW. VARS is therefore, an achievable and reliable option of energy loss reduction in diesel engines by utilizing the engine waste heat.
RECOMMENDATIONS
From the research work, it has been acknowledged that there are large potentials of energy savings through the use of waste heat from diesel engines in general. Therefore, VARS should be an alternative source of refrigeration for fishing vessels.
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